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Saccadic responses to a visual target are delayed if another visual stimulus (distractor) is presented in the visual ﬁeld opposite to
the target (remote distractor eﬀect). In the present study, two experiments were conducted to investigate how the remote distractor
eﬀect is modulated by the presence or absence of a central ﬁxation stimulus. In both experiments, when a ﬁxation stimulus was con-
tinuously presented even after target presentation, the remote distractor eﬀect decreased. The reduction of the remote distractor
eﬀect was observed for all distractor positions examined (1.5–9.0 eccentricity), and prominent especially when targets were pre-
sented at more peripheral positions (9.0 and 10 eccentricity). It was concluded that these results can be well explained by recent
ﬁndings on inhibitory interactions among subpopulations of neurons in the superior colliculus.
 2005 Elsevier Ltd. All rights reserved.
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Saccadic responses to a visual target appearing in the
left or right visual ﬁeld are delayed if another visual
stimulus is presented in the visual ﬁeld opposite to the
target (Findlay, 1983; Levy-Schoen, 1969; Ottes, Van
Gisbergen, & Eggermont, 1985). This phenomenon has
been extensively examined by Walker and his colleagues
(Walker, Deubel, Schneider, & Findlay, 1997, 1995) and
was referred to as the remote distractor (RD) eﬀect.
It has been suggested that the RD eﬀect reﬂects the
neural function in the subcortical structure, especially
the superior colliculus (SC). Walker et al. (1997), for
example, interpreted the increase in saccade latency un-
der distractor conditions in light of recent neurophysio-
logical ﬁnding of inhibitory processes operating in the
rostral region of the SC (Dorris & Munoz, 1995; Munoz0042-6989/$ - see front matter  2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2004.06.026
* Fax: +81 252626451.
E-mail address: psyhonda@cc.niigata-u.ac.jp.& Wurtz, 1992, 1993a, 1993b). According to them, these
inhibitory processes are not restricted to the central
foveal region alone but operate over wider regions of
the visual ﬁeld. A similar, but somewhat diﬀerent expla-
nation was proposed by Olivier, Dorris, and Munoz
(1999). On the basis of recordings of neural activity in
the monkey SC, they explained that the RD eﬀect is
caused by inhibitory or facilitative lateral interactions
between subpopulations of saccade-related neurons
located at diﬀerent sites on the motor map of the SC.
One subpopulation is activated during the planning
and initiation of a saccade to a target, and the other is
activated by the appearance of a distractor. When the
distractor was presented far from the target location,
inhibitory interactions are generated between the two
subpopulations (the RD eﬀect), and when the target
and the distracter were presented at near sites within
the SC, facilitative interactions occurred between them.
Attempts to investigate the role of the SC in generat-
ing the RD eﬀect have been conducted using both
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Smith, Krantz, Cohen, and Brennan (1990) found in
hemianopic patients that the RD eﬀect is larger when
distractors were projected to the nasal hemiretina than
when they were projected to the temporal hemiretina,
and suggested that this nasotemporal asymmetry of
the RD eﬀect is mediated by extrageniculate pathways
involving the SC, because the cortical (geniculostriate)
visual pathways are inoperative in hemianopic patients.
In addition, Rafal et al. explained that the nasotemporal
asymmetry of the RD eﬀect was caused by a much larg-
er neural projection to the midbrain from the nasal than
the temporal hemiretina. However, subsequent studies
have not supported the explanation proposed by Rafal
et al. (1990). Walker, Mannan, Maurer, Pambakian,
and Kennard (2000) failed to replicate the RD eﬀect
in hemianopic patients. Rather, they found nasotempo-
ral asymmetry of the RD eﬀect in normal subjects,
whereas Sumner, Adamjee, and Mollon (2002) failed
to show nasotemporal asymmetries in their experiments
using normal subjects. In addition, Williams, Azzop-
ardi, and Coway (1995) reported that the mean naso-
temporal ratio in the collicular projection is no
diﬀerent from that for the whole optic nerve, which is
dominated by the cortical projection. Thus, it is evident
that nasotemporal asymmetry is not diagnostic of the
midbrain involvement in the RD eﬀect, at least for nor-
mal subjects.
Yet, it is likely that the RD eﬀect reﬂects the neural
function in the SC. To establish this idea, I employed
a method known to engage and disengage the SC. When
a ﬁxation stimulus is extinguished before or simulta-
neous with the presentation of a target stimulus, the
saccade reaction time to the target shortens in compar-
ison with when the ﬁxation stimulus is continuously
presented even after target presentation (Fischer &
Ramsperger, 1984; Ross & Ross, 1980; Saslow, 1967).
This facilitation eﬀect, known as the ﬁxation-oﬀset eﬀect
or the gap eﬀect, occurs because ﬁxation-oﬀset causes
deactivation of ﬁxation cells in the rostral pole of the
SC, and the deactivation of ﬁxation cells reduces the
lateral inhibition from the ﬁxation cells to the saccade-
related cells, thereby increasing the possibility of
saccade triggering (Dorris & Munoz, 1995; Munoz &
Wurtz, 1992).
In the present study, the RD eﬀect was measured in
two ﬁxation stimulus conditions: In the ﬁxation-oﬀset
condition, the ﬁxation stimulus was extinguished at the
time of target and distractor presentation, and in the
overlap conditions, the ﬁxation stimulus remained. I
reasoned that if the RD eﬀect obtained in the overlap
condition substantially diﬀers from that obtained in
the ﬁxation-oﬀset condition, it would show that the
RD eﬀect is mainly mediated by the SC. At present, it
is unknown how the RD eﬀect is inﬂuenced by the
manipulation of central ﬁxation. One possible outcomeis that the ﬁxation-oﬀset might activate saccade-related
neurons for both target and distractor stimuli. This
would produce strong competition between the sac-
cade-related neurons, resulting in a pronounced RD ef-
fect. On the other hand, when the ﬁxation stimulus
remains present, activity of all saccade-related neurons
would be suppressed and have little or no room for com-
peting with each other, resulting in reduced RD eﬀect.
Thus, the aim of this study is to show that the RD ef-
fect is mediated by the SC by manipulating the ﬁxation
stimulus in a RD paradigm.2. Experiment 1
2.1. Method
2.1.1. Subjects
The author and eight university students served as
subjects. All subjects except the author had no knowl-
edge of the purpose of the experiment.
2.1.2. Procedure
Each subject was seated at a table in a dark room with
his/her eyes 58 cm from a black panel on which visual
stimuliwere placed. The subjects headwas ﬁxedbymeans
of a chin rest. The position of the right eye was monitored
with a scleral-reﬂection method at a sampling rate of
500 Hz. The spatial resolution of the apparatus was about
0.5.
Visual stimuli were presented on a computer display
(SONY, SDM-X82HQ). In each trial, a ﬁxation stimu-
lus (a diagonal cross, length 0.5, 150 cd/m2) was
presented as a ﬁxation point for 1000–1500 ms at the
center of the display, and the subjects kept watching
it. In the ﬁxation-oﬀset condition, at the same time as
the ﬁxation-oﬀset, a target stimulus (white square,
0.5 · 0.5, 150 cd/m2) was presented for 200 ms 5 or
10 right of the ﬁxation stimulus. Subjects were asked
to make a saccade to the target as fast as possible. In
the overlap condition, the ﬁxation stimulus was contin-
uously present until 300 ms after the target oﬀset. In
addition to these no-distractor trials, subjects were given
distractor trials, in which a distractor stimulus (white
square, 0.5 · 0.5, 150 cd/m2) appeared simultaneously
with the target onset at 2.5 or 5.0 left of the ﬁxation
stimulus. Thus, in this experiment, targets and distrac-
tors always appeared in the right and left visual ﬁelds,
respectively, making it possible to study the eﬀect of
the distractor in itself, without interference with the
eﬀect of discriminating the target from the distractor
stimuli (Weber & Fischer, 1994).
Each subject was given eight blocks of 40 trials. In
each block, targets were presented with or without dis-
tractors, simultaneously with the ﬁxation-oﬀset (ﬁxa-
tion-oﬀset condition) or with the ﬁxation remaining
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domly changed trial by trial within each block, and the
distractor position was changed between blocks.
The beginning of a saccade was determined by using
an amplitude criterion. A saccade was indicated when
eye position deviated 0.3 from a base line: base line
was the average eye position just prior to the target on-
set. This amplitude criterion was equivalent to a velocity
criterion of about 20/s.
2.2. Results
A trial was excluded from data analysis if the latency
was either less than 50 ms or greater than 500 ms. Be-
cause targets were always presented in the right visual
ﬁeld, erroneous saccades to the distractor were hardly
observed.
A four-way repeated ANOVA was performed on the
mean latency obtained. The factors included were stim-
ulus condition (distractor/no-distractor), ﬁxation condi-
tion (ﬁxation-oﬀset/overlap), target position (5/10)
and distractor position (2.5/5). The main eﬀects of
stimulus condition and ﬁxation condition were signiﬁ-
cant (F(1,8) = 52.02, p < .001; F(1,8) = 56.30, p < .001,
respectively). A two-way interaction of stimulus condi-
tion and ﬁxation condition was signiﬁcant (F(1,8) =
34.36, p < .005). In addition, the interaction of stimu-
lus condition and target position also was signiﬁcant
(F(1,8) = 6.89, p < .05).
Fig. 1 shows mean saccade latencies in the distractor
and no-distractor trials for each pairing of target and
distractor eccentricity, separately for the ﬁxation-oﬀsetFig. 1. Mean saccade latencies on distractor and no-distractor trials in the
panel). Diﬀerent symbols and lines indicate the target and distractor positions
line: distractor at 2.5: broken line: distractor at 5.0). The distractor position
the trials were run in the experimental blocks for 2.5 or 5.0 distractors. Not
by trial within each block, whereas the distractor position was changed betwand overlap conditions. As shown in Fig. 1, saccade
latency was much longer in the distractor trials than in
the no-distractor trials for saccades made in the ﬁxa-
tion-oﬀset condition. The diﬀerence in saccade latencies
between the distractor and no-distractor trails were sig-
niﬁcant for all parings of target and distractor eccentric-
ity (p < .005 for ‘‘target at 5/distracor at 2.5’’ and
‘‘target at 10/distractor at 2.5’’, p < .05 for ‘‘target at
5/distractor at 5’’ and ‘‘target at 10/distractor at
5’’, Scheﬀes S test).
In contrast, there was very little inﬂuence of distrac-
tor in the overlap condition. Although the RD eﬀect re-
mained to a smaller degree for three parings of target
and distractor eccentricity except ‘‘target at 10/distrac-
tor at 2.5’’, a post hoc analysis (Scheﬀes S test) showed
that the diﬀerence in latency between distractor and no-
distractor trials was not signiﬁcant for any parings of
target and distractor eccentricity including ‘‘target at
10/distractor at 2.5’’.
In summary, the results of Experiment 1 indicate that
the RD eﬀect reduces in the overlap condition where the
ﬁxation point remains present at the time of target and
distractor presentation.3. Experiment 2
The aim of Experiment 2 was (1) to conﬁrm the main
ﬁndings of Experiment 1 that the RD eﬀect is reduced by
continuously presenting the ﬁxation stimulus at the time
of target and distractor presentation, and (2) to examine
in more detail the eﬀect of distractor position on the RDﬁxation-oﬀset condition (left panel) and the overlap condition (right
, respectively (open circle: target at 5, ﬁlled square: target at 10; solid
s (2.5 or 5.0) assigned to the data in no-distractor trials indicate that
e that, in Experiment 1, the target position was randomly changed trial
een blocks.
Fig. 2. Results in Experiment 2. Mean saccade latencies in the
ﬁxation-oﬀset and overlap conditions when a distractor was not
presented (no-distractor), and when a distractor was presented at 1.5,
4.0 or 9.0 left of the ﬁxation stimulus (distractor).
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one of two positions near the original ﬁxation stimulus
(i.e., 2.5 and 5.0 left). Therefore, it is unknown how
the RD eﬀect is modulated if the distractor is presented
at more peripheral position. To answer this question, in
Experiment 2, the distractor was presented at one of
three positions (1.5, 4, and 9 left of the ﬁxation stim-
ulus), and saccade latencies to a target stimulus (9.0
right of the ﬁxation stimulus) were measured in the ﬁx-
ation-oﬀset and overlap conditions.
3.1. Method
3.1.1. Subjects
The author and nine university students served as
subjects. All subjects except the author had no knowl-
edge of the purpose of the experiment.
3.1.2. Procedure
The procedure of Experiment 2 was the same as that
of Experiment 1 except the size and position of the visu-
al stimuli. In each trial, a ﬁxation stimulus (a diagonal
cross, length 0.8, 150 cd/m2) was presented for 1000–
1500 ms at the center of the display. In the gap condi-
tion, at the same time as the ﬁxation-oﬀset, a target stim-
ulus (white square, 1.0 · 1.0, 150 cd/m2) was presented
for 200 ms 9 right of the ﬁxation stimulus. In the over-
lap condition, the ﬁxation stimulus was continuously
present until 300 ms after the target oﬀset. In addition
to these no-distractor trials, subjects were given distrac-
tor trials, in which a distractor stimulus (white square,
1.0 · 1.0, 150 cd/m2) appeared simultaneously with
the target onset at 1.5, 4.0 or 9.0 left of the ﬁxation
stimulus. Thus, as in Experiment 1, targets and distrac-
tors always appeared in the right and left visual ﬁelds,
respectively.
Each subject was given eight blocks of 30 trials. In
each block, targets were presented with (15 trials) or
without distractors (15 trials), simultaneously with the
ﬁxation-oﬀset (ﬁxation-oﬀset condition) or with the ﬁx-
ation remaining present (overlap condition). The dis-
tractor position was randomly changed trial by trial
within each block.
3.2. Results
Fig. 2 shows the mean saccade latencies obtained
from ten subjects, separately for the ﬁxation-oﬀset and
overlap conditions. In the ﬁxation-oﬀset condition, the
saccade latency in the no-distractor trials was shorter
than those in the distractor trials. Furthermore, as evi-
dent from Fig. 2, the RD eﬀect was largest when the dis-
tractor was presented at 1.5 left of the ﬁxation stimulus.
Statistical analyses indicated that the mean saccade
latency in the no-distractor trials was signiﬁcantly short-
er than that obtained when distractors were presented at1.5, 4.0 or 9.0 (F(1,9) = 74.55, p < .001; F(1,9) =
37.44, p < .001; F(1,9) = 42.25, p < .001, respectively),
and that the mean saccade latency in 1.5 distractor con-
dition was signiﬁcantly longer than that in both 4.0 and
9.0 distractor conditions (F(1,9) = 15.62, p < .005;
F(1,9) = 35.23, p < .001). There was no signiﬁcant dif-
ference between the mean saccade latencies obtained
for 4.0 and 9.0 distractors.
In the overlap condition, in contrast, the mean sac-
cade latency in the no-distractor trials was about the
same as those obtained in the three distractor-position
conditions (F(1,9) = 0.62, p >.1).
In summary, the results of Experiment 2 conﬁrm the
main ﬁndings of Experiment 1 that the presence of ﬁxa-
tion stimulus reduces the RD eﬀect. In addition, it also
showed that when the ﬁxation stimulus is extinguished,
the RD eﬀect is largest for distractors appearing near
the original ﬁxation stimulus.4. Discussion
4.1. Eﬀects of ﬁxation manipulation
It was hypothesized that if the SC is involved in
generating the RD eﬀect, then the manipulation of
ﬁxation stimulus would substantially inﬂuence the
RD eﬀect. Clearly this hypothesis was supported by
our ﬁndings: the RD eﬀect was observed when a
ﬁxation point was extinguished simultaneously with
the target presentation (ﬁxation-oﬀset condition), but
it was reduced when the ﬁxation point remained pres-
ent (overlap condition).
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stimulus remained in the visual ﬁeld? Recent neuro-
physiological studies indicate that mutual inhibition oc-
curs in ﬁxation and saccade-related neurons in the SC:
the ﬁxation neurons inhibit the saccade-related neurons,
while the saccade-related neurons inhibit both other sac-
cade-related neurons and the ﬁxation neurons (Munoz
& Istvan, 1998; Wurtz, Basso, Pare, & Sommer, 2000).
Based on these ﬁnding, the results of the present
study can be explained as follows. When a ﬁxation stim-
ulus is extinguished (in the ﬁxation-oﬀset condition),
inhibition from ﬁxation neurons stops. As a result,
mutual inhibition among saccade-related neurons is
expected to remain eﬀective. Thus, the distractor strong-
ly inhibits the generation of a saccade response to the
target stimulus, resulting in a pronounced RD eﬀect.
On the other hand, when a ﬁxation point remains (in
the overlap condition), ﬁxation neurons suppress the
activity of saccade-related neurons for both target and
distractor stimuli. As a result, the occurrence of saccade
responses to the target is generally delayed. In addition,
the inhibitory eﬀect of distractors is also weakened by
the presence of the ﬁxation stimulus. This would lead
to a reduction of the RD eﬀect.
The ﬁnding that the RD is reduced in the overlap
condition does not agree with the results reported by
Walker, Kentridge, and Findlay (1995). They found
RD eﬀects of about 20–30 ms in both the gap and
overlap conditions. But the methods of their experi-
ments were very complex: Targets were presented uni-
laterally or bilaterally within each block, and on
unilateral target trials, subject could not know the tar-
get position beforehand; On bilateral target trials, sub-
jects were free to saccade to either one or other targets,
or instructed to direct their attention to the left- or
right-side target locations; Subjects were required to
indicate the number of small dots inside the target by
manual response. In addition, the gap and overlap con-
ditions were given in separate testing blocks. Thus, it
seems impossible to directly compare the magnitude
of the RD eﬀects reported by Walker et al. (1995)
and that obtained in the present study. In whichever
case, it seems necessary to investigate in more detail
under what circumstances the RD eﬀect is preserved
or reduced in the overlap condition.
4.2. Eﬀects of distractor and target positions
As shown in Fig. 1, when a ﬁxation stimulus was
extinguished (in the ﬁxation-oﬀset condition), a signiﬁ-
cant RD eﬀect was observed for both distractor posi-
tions (2.5 and 5 left of the ﬁxation stimulus).
However, more detailed investigations in Experiment 2
(Fig. 2) showed that the magnitude of the RD eﬀect is
dependent on the position of distractors: the RD eﬀect
was largest when a distractor was presented at 1.5 thanwhen it was presented at 4.0 and 9.0 left of the ﬁxation
stimulus. This ﬁnding is consistent with the ﬁndings by
Walker et al. (1997) that the RD eﬀect increased as the
contralateral distractors approach ﬁxation. This eﬀect
of distractor position is explained in terms of neural
activities in the SC as follows. When a distractor was
presented near the original ﬁxation stimulus (1.5), the
distance between the saccaderelated neurons for the dis-
tractor and those for the target stimulus on the SC was
shorter than when the distractor was presented at more
peripheral positions (4.0 and 9.0). Thus, the RD eﬀect
is expected to be more prominent when the distractor
appears near the central ﬁxation position.
In the overlap condition, on the other hand, the eﬀect
of distractor position was not observed: No signiﬁcant
RD eﬀect was seen for all distractor positions in both
Experiment 1 (2.5 and 5.0) and Experiment 2 (1.5,
4.0 and 9).
In Experiment 1, two target positions (5 and 10
right of the ﬁxation position) were used, and a large
RD eﬀect was observed for both target positions in the
ﬁxation-oﬀset condition. In the overlap condition, in
contrast, the RD eﬀect was not signiﬁcant. In addition,
the reduction of the RD eﬀect seems to be more evident
when the target was presented at 10 (i.e., ‘‘target at 10/
distractor at 2.5’’ and ‘‘target at 10/distractor at 5.0’’)
than when it was presented at 5 (i.e., ‘‘target at 5/dis-
tractor at 2.5’’ and ‘‘target at 5/distractor at 5.0’’).
This may be explained as follows. In the overlap condi-
tion, the neural activity of saccade-related neurons for
distractor is weakened by the presence of the ﬁxation
stimulus, and therefore, the inhibitory eﬀect of these
neurons does not reach to saccaderelated neurons for
target, especially when the target was presented at more
peripheral 10 position. The same explanation holds true
for the results in Experiment 2 where the target was pre-
sented at a relatively peripheral position (9.0).
4.3. Relation to theoretical models on saccade
programming
Kopecz (1995) proposed a quantitative model for
explaining the systematic variations of saccade latencies
in gap and overlap paradigms, where two kinds of sig-
nal, visual (exogenous) and instructional (endoge-
nous)converge within a dynamic integration layer
using a lateral inhibitory interaction. A similar model
has been proposed by Godijn and Theeuwes (2002).
They also assumed that the control signal for exogenous
and endogenous saccades converge on a common sac-
cade map. The basic idea of their model (the competitive
integration model) was that saccade-related activation
at one location spreads to neighboring locations but
inhibits distant locations. In other words, when two rel-
atively distant locations are activated, this activation is
mutually inhibitory, but when two nearby locations
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tively high peak somewhere between the two locations.
Note that what this model means is essentially the same
as the neurophysiological explanation proposed by Oliv-
ier et al. (1999). In fact, Trappenberg, Dorris, Munoz,
and Klein (2001) provided physiological evidence that
such a dynamic mechanism can be realized in the SC
by comparing the performance of the model both with
behavioral data in humans and monkeys and with
recordings of SC cell activities in monkeys. They also
showed that the model can account well for a range of
oculomotor eﬀects including the remote distractor eﬀect.
It is thus quite reasonable to assume that the results
of the present study agree to some extent with these the-
oretical models of saccade programming. Presentation
of a distractor signiﬁcantly increased the saccadic reac-
tion times to a target (the RD eﬀect). This result is con-
sistent with the prediction of the model that when two
distant locations are stimulated, neural activities at these
locations are mutually inhibitory. When a ﬁxation stim-
ulus remained on, the RD eﬀect was reduced. These
models indicate that inhibitory interactions are caused
between the ﬁxation stimulus and distractor, and hence
inhibitory eﬀects of the distractor do not spread to the
target position.5. Conclusion
This study demonstrated that when a ﬁxation stimu-
lus remains at the time of target and distractor presenta-
tion, the RD eﬀect reduces, suggesting that the neural
activities in the SC are closely related with the genera-
tion of the RD eﬀect. The ﬁndings also suggested that
the reduction of the RD eﬀect is evident especially when
a target was presented at a more peripheral position. In
addition, the RD eﬀect in the ﬁxation-oﬀset condition is
more prominent for distractors presented near the ﬁxa-
tion stimulus. These ﬁndings agree well with recent ﬁnd-
ings on inhibitory interactions among saccade-related
and ﬁxation neurons in the SC, and with theoretical
models on saccade programming.Acknowledgments
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